Anthocephalus cadamba, an important plant in the traditional system of medicine in India, is reported to possess anticancer activity. Guided by bio-assay tests using human colorectal (HCT116) and hepatocellular carcinoma (HepG2) cell lines, it has been shown to contain three active constituents, the triterpenoid saponins 3-O-[α-L-rhamnopyranosyl]-quinovic acid (1) and 3-O-[α-L-rhamnopyranosyl]-quinovic acid 28-O-[β-D-glucopyranosyl] ester (2), and the alkaloid cadambine (3). The structures of the isolated compounds were established using spectroscopic techniques. The isolated compounds demonstrated concentration dependent inhibition of both the cell lines, where compound 3 proved to be the most potent inhibitor of cell line HCT116 (IC 50 45 ± 4 µg/mL) and compound 2 demonstrated maximum inhibitory activity against HepG2 cell line with an IC 50 value of 89 ± 7 µg/mL.
Anthocephalus cadamba Roxb (Rubiaceae) is widely distributed throughout India and has long been traditionally used as a folk medicine in the treatment of fever and anemia, uterine complaints, dysentery, tumors, as an antidiuretic, and for improvement of semen quality [1] [2] [3] [4] [5] [6] . It is also reported to have antimalarial, analgesic, antioxidant, anti-inflammatory, wound healing and anti-cancer properties [3] [4] [5] [6] [7] [8] [9] [10] . Earlier chemical investigations led to the isolation of the triterpenoids quinovic acid, lupeol, and amyrin, triterpenoid saponins phelasin A and phelasin B, and alkaloids cadambine and isodihydrocadambine [6, [10] [11] . The methanolic extract of A. cadamba has been used to treat Ehrlich ascites carcinoma in mice [5] and against four human cancer cell lines -lung (A-549), ovary (IGR-OV-1), prostate (PC-3) and CNS (SF-295) [12] , but the compounds responsible for the activity have not been reported so far. Therefore, the present investigation was undertaken to isolate these compounds and evaluate them against human colorectal cancer (HCT116) and liver hepatocellular carcinoma (HepG2) cell lines in vitro.
The methanolic extract (ME) of the bark significantly inhibited the proliferation of HCT116 and HepG2 cells in a concentration dependent manner (Table 1 ). Based on these findings, the extract was subjected to polarity based fractionation employing ethyl acetate and n-butanol successively. Among the three fractions obtained (EAF, NBF, and AF, vide Table 1), the ethyl acetate fraction (EAF) produced maximum inhibition of both the cell lines (Table 1 ). Therefore this fraction was further processed; three compounds were isolated, which were characterized as 3-O-[α-L-rhamnopyranosyl]-quinovic acid (1) and 3-O-[α-Lrhamnopyranosyl]-quinovic acid 28-O-[β-D-glucopyranosyl] ester (2), both triterpenoid saponins, and the alkaloid cadambine (3) ( Figure 1 ) by comparing their spectroscopic data with those reported earlier [6, [13] [14] .
The efficacy of these three compounds was tested on HCT116 and HepG2 cell lines and the results are provided in compounds inhibited both the cell lines. However, further investigations are needed to establish the pathway of apoptosis.
Experimental
Plant material: The plant material (bark), collected in August-2012 from the locality of Kolkata (India), was identified at the Botanical Gardens, Howrah (India), and a specimen is deposited in the institute herbarium for future reference (NIP-K/BCP/010). bovine serum (FBS), HEPES, streptomycin, penicillin, L-glutamine, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from either Sigma or Calbiochem.
Chemicals and reagents:

Extraction and isolation:
Freshly collected plant material (bark) was shade dried, and powdered (40 mesh) using a mechanical grinder. The powdered material (2 kg) was subjected to extraction with methanol (MeOH) at room temperature (7L × 6) for 48 h each time. The extract was concentrated under reduced pressure and lyophilized to afford the crude methanolic extract (ME, 76 g). A part (60 g) of ME was then suspended in milli-Q water and partitioned successively with ethyl acetate and n-butanol. Each fraction was evaporated under vacuum and lyophilized to yield the ethyl acetate fraction (EAF, 34.55 g), n-butanol fraction (NBF, 11.5 g) and aqueous fraction (AF, 13.8 g). All the fractions were stored at 4°C till further use.
A part of EAF (30 g) was chromatographed over silica gel (300 g) using a step gradient of light petroleum (1 L, fr-1), light petroleum: Cell culture: Human colorectal cancer and hepatocellular carcinoma cell lines (HCT116, HepG2) were purchased from the National Facility of Animal Tissue and Cell Culture, Pune, India. Cells were cultured in DMEM supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic (PSN) at 37°C in a humidified atmosphere under 5% CO 2 . In all the experiments untreated cells were used as control [15] [16] .
In vitro cell proliferation assay: Cell proliferation was assessed using the MTT assay. Cells (1×10 4 per well) were seeded in triplicate in a 96-well plate and treated with varying concentrations of the extract and compounds. At the end of treatment for 24 h, 20 µL of MTT (5 mg/mL in PBS) was added to each well and incubated for another 4 h. The supernatant in each well was replaced with 100 µL of DMSO to solubilize the MTT formazan precipitate and optical density (OD) was measured immediately at 490 nm using micro plate manager (Reader type: Model 680XR, Bio-Rad Laboratories lnc) [15, 16] . The assay was performed in triplicate and in 3 independent experiments. Percentage inhibition of growth was calculated and expressed as mean ±SD.
